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Abstract
The superfamily Tyrannoidea (fives) has been the subject 
of numerous systematic investigations, yet the 
relationships among and within the five component 
families remain ambiguous. Relationships within the 
superfamily were investigated using starch gel 
electrophoresis of £0 enzyme loci in 14 cotinga genera, 
1£ manakin genera, the flycatcher genus Myiarchus, and 
each of the genera from the monogeneric families 
Phytotomidae and Oxyruncidae. Electrophoretic characters 
were found to contain considerable information concerning 
familial and subfamilial relationships within this New 
World assemblage. The Fitch-Margoliash "jackknife strict 
consensus tree" and a cladogram generated from the 
character state distributions were very similar and were 
used in the formation of a revised classification. The 
new classification contains several radical departures 
from the commonly accepted arrangement, most notably the 
division of the Cotingidae into four separate lineages. 
The results disagree with several portions of a phylogeny 
derived from a study of DNA/DNA hybridization (Sibley and 
Ahlquist 1305). The implications of this finding are 
d i scussed.
Phylogenetic trees, derived from distance measures, may 
be of variable reliability due to variance in the quality 
of the data sets from which they are produced. Such 
trees are therefore of questionable value as a means of 
summarising large data sets. To improve our confidence 
in these trees, a jackknife technique for data 
manipulation is presented that, in combination with 
existing consensus techniques, identifies those portions 
of evolutionary history that are poorly known due to 
inconsistencies in the data. Such trees more accurately 
represent the results of a study than do current 
tree-generating algorithms that obscure areas of 
uncertainty. The approach is a simple modification of 
existing tree— generating methods. Ps an i1 lustrat ion, a 
biochemical data set is analyzed using this technique.
A MOLECULAR PERSPECTIVE ON HIGHER 
LEVEL RELATIONSHIPS IN THE TYRANNOIDEA (AVES)
by
Scott M. Lanyon
Depart merit of Zoology arid Physiology
arid




The superfamily Tyrannoidea (fives) has been the subject 
of numerous systematic investigations, yet the 
relationships among and within the five component 
families rema i n ambiguous. Relat ionshi ps within the 
superfamily were investigated using starch gel 
electrophoresis of £0 enzyme loci in 14 cotinga genera, 
1£ rnanakin genera, the flycatcher genus Myiarchus, and 
each of the genera from the monogeneric families 
Phytotomidae and Oxyruncidae. Electrophoretic characters 
were found to contain considerable information concerning 
familial and subfami1ial relationships within this New 
World assemblage. The Fitch-Margoliash "jackknife strict 
consensus tree" and a cladogram generated from the 
character state distributions were very similar and were 
used in the formation of a revised classification. The 
new classification contains several radical departures 
from the commonly accepted arrangement, most notably the 
division of the Cotingidae into four separate lineages. 
The results disagree with several portions of a phylogeny 
derived from a study of DNA/DNA hybridization (Sibley and 




Avian systemat ics has been based, until recently, on 
species limits and generic delineations inferred from
overall morphological similarity of taxa. Although this
approach has proven valuable in addressing species-level 
quest ions, it is often inadequate in assessing
relat ionshi ps among higher taxa (Cracraft 1972). As a 
result, recent invest i gat ions have utilised more refined 
met h od o 1og i es such as detailed funct ional morphology 
(Bock and Morony 1978; Bock 1981) and cladistic
morphological analysis (Raikow 1978; Cracraft 1981; 
Simpson and Cracraft 1981; Swierczewski and Raikow 1981). 
These approaches are designed to detect and deal with 
evolut ionary convergence.
Among the most promising of systemat ic techniques 
currently available are biochemical methods focused at 
the DNA and protein level. Comparisons of structural
di fferences of proteins using electrophoret ic, 
immunological, and sequencing techniques have proven 
useful in assessing phylogenetic relationships among 
h i gher vertebrate taxa (Si bley 197(3, 1980; Sibley and
Ahlquist 1972, 1981; Si bley et al. 1984; Avise 1974;
Prager and W i 1 son 1975; Brush 1976; Jacob 1977, 1978;
Brush and Wyld 1980). Studies at the molecular level have 
not been plagued with problems of evolutionary
convergence as have many morphological studies. To date, 
no empirical data have been found to support evolut ionary 
convergence at the molecular level between hi gher taxa 
and, importantly, no evolut ionary paradigm exists that 
would predict the existence of such. On the contrary, 
the molecular evidence would suggest that protein
evolut ion proceeds prirnar i ly in a divergent and 
t ime-dependent manner, making it ideal for phylogenetic 
inference (Wilson et al. 1377).
Although di fferences in morphology and behavior
certainly reflect genetic di fferences, only a very
indirect est imate of this d i fference is possi ble as the
observable characterist ics are many steps removed from 
the DNA that encoded for them. Biochemical techniques, 
on the other hand, provide a direct means of quant ifying 
genet ic d i fferences and sirni1arit ies.The a b i 1 ity to 
determine actual genet ic similarity between taxa is of 
crit ical importance because, ult imately, it is the genome 
that provides informat ion concerning evolutionary 
pathways. Although systemat ists disagree greatly among 
themselves concerning philosophy and methodology of 
classi ficat ion (Hull 137©; Nelson 1371; Mayr 1374; 
McNeill 1373; Hull 1373; Ashlock 1373), there is general 
agreement that systematic st ud ies should attempt to 
d iscern phylogenet ic relat ionshi ps (Henni g 1363; Mayr 
1374). With the refinement of biochemical techniques, we
are coming closer to measuring actual genetic differences 
between lineages.
Two very promising biochemical approaches are DNft-DNO 
hybridizat ion (Sibley and Ohlquist 1983) and starch gel 
electrophoresis of enzymes (Plvise 1974). To date, 
however, only the former has been applied regularly to 
higher level systematic quest ions, with many authors 
stating that allozyrne data are valuable o n 1y at the genus 
1evel and be1ow (Matson 1984; but see Buth 1984 for a 
discussion of isozyme data and their potent ia1).
Although the results of each technique has been compared 
to results from morpholog ical st ud ies, the two 
biochemical techniques have not been compared directly. 
In this study I provide such a comparison, and in so
doing examine the value of allozyrne data at the farnily
and subfamily level in birds.
The Tyrannoidea. There are currently 133 recognized 
genera in the superfarnily Tyrannoidea distributed among 
five farni1ies (Morony et al. 1975). Past studies of
interfami1 ial tyrannoid relationships have revealed many 
instances of convergence and parallelism in the 
characters studied (e.g., syringeal morphology, Ames 
1971; skull osteology, Warter 1965; behavior, Snow 1963; 
Sick 1967; Smith 1971; Smith and Vuilleumier 1971; Monroe 
1975; Fitzpatrick 1976; tarsal scutellat ion, Ridgway
19®7; pterylosis, firnes et al. 1960; nest structure,
Ihering 1904). Os a result, much confusion exists 
concerning the limits and affinities of these farni1 ies 
(Sibley 1970).
fin example of the current status of higher level
tyrannoid systematies is the problem posed by the genus 
§Etliff212!2i5i which is currently placed in the Pipridae 
("manakins"). Its foot struct ure and tarsal scutes are
typically piprid, but the syrinx is sirnilar to that of 
kieayays (currently placed in the Cot ingidae) (Snow 
1975). Three di fferent interpretat ions are possible: 1)
the syringeal sirni larity of Schjif f o r m s  and Lfgaugus is 
due to convergence and thus does not refute the 
hypothesized close relationship between Schff f o r m s  and 
other manakins; 2 ) the syringeal sirnilarity is actually a 
symplesiomorphy (shared primitive character) and, again, 
does not refute the relat ionshi p of Schfffornis to
piprids; or, 3) the syringeal sirnilarity is a
synapomorphy (shared derived character) refut ing the
above hypothesis and support ing a close relat ionship 
between Schjif f o r m s  and Lfgaugus. In a discussion of the 
need for further study of Schiffornis, Snow (1975)
stated, "Further study may show that S c h i f f o r m s  should 
be piaced in the Cot ing idae. It is perhaps even more 
likely that it will show that the tradit ional division of 
the manakin-cotinqa-flycatcher complex into three
families cannot be maintained." Such a change would 
indeed be a major reorganization of the superfamily.
The situation becomes even more complex when the 
aberrant genera Oxyruncus and a}”e considered.
Each is so different from all other tyrannoids that they
are placed in separate families, Oxyruncidae and
Phytotomidae, respectively. Oxyruncus has a
tyrannid-1 ike syrinx (the musculature resembles that of
 Q(!2®§ H Z i ?  the skull osteology is
sufficiently unique for Warter (1365) to argue that this 
genus should be maintained in a separate family. Based 
on tarsal scutes and syrinx morphology, Phytotoma 
resembles cotingas. Ames (1371) has suggested, however, 
that this might be due to retention of primitive 
character states by both the cotingas and Phytotoma. 
Suffice it to say that phylogenetic relationships in the 
superfamily Tyrannoidea are unclear based on the
morphological and behavioral evidence presently 
available.
Two studies of DNA-DNA hybridisation have been
conducted on a subset of the taxa included in this
assemblage (Sibley et al. 1384$ Sibley and Ahlquist
1385). The present study, using allozyrne data collected 
primarily from non-tyrannid tyrannoid genera, constitutes 




Fi^el_d Work - The 109 tissue samples analyzed in this 
study (Appendix I) were collected from 1980 through 1903 
by the author and other Louisiana State University 
researchers (see Acknowledgments) in Bolivia, Panama, and 
Peru. Samples of heart, liver, and muscle were placed in 
aluminum foil packets and immersed in liquid nitrogen 
generally within two hours of the time the birds were 
collected. This delay before freezing did not appear to 
affect the results; Moore and Yates (1983) reported that 
a delay of 12 hours in freezing mammal tissue after death 
did not affect the mobility of enzymes detected by
starch-gel electrophoresis. One species from each 
non-tyrannid tyrannoid genus collected (following the 
classification of Morony et al., 1975) was selected for
further analysis. In addition, the flycatcher genus 
was included as an indicator of tyrannid
affinities. An attempt was made to obtain five 
individuals/taxon; in many cases, however, this was not 
possible (see Appendix I).
-For each individual, separate
homogenates were prepared for heart, liver, and muscle; 
0.5 - 1.0 grams of tissue and an equal volume of
Clealand’s Reagent were homogenized using a Tekrnar 
Tissuemiser. Homogenates were centrifuged at 12,000 rpro
for 60 minutes, the supernatant removed, and the 
precipitate discarded. While thawed, one third of the 
homogenate was transferee! to capillary tubes (5 - 10
lambda/tube). The capillary tubes and remaining 
homogenate were stored in ultra-cold freezers. The use 
of capillary tubes reduced the number of times the
homogenate was thawed and refrozen prior to use.
Two discontinuous and four continuous buffer systems 
were used to isolate proteins using horizontal starch gel 
electrophoresis (buffers 1, 9, 10, and 11 in Table 1 of
Aquadro and Avise 138£? Tris-Maleate pH 6.5 and PGI 
Phosphate). The relative mobilities of the electromorphs 
from different taxa were determined for each locus using 
one buffer system (the actual buffer used differed among 
loci). Taxa dernonstrating similar mobilities for a given 
locus were then compared side-by-side on several 
different buffer systems to reduce the probability of 
homoplasy in the data set (Aquadro and Avise 1982). Two
to four buffer systems were used to investigate each
locus. Agar overlays or the gels themselves were saved 
for document at i on.
Presumptive loci were scored using the enzyme-specific 
stains in Harris and Hopkinson (1978). After a 
preliminary survey of 38 loci, the following 18 were 
eliminated from further consideration because they were
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either too variable among taxa <with virtually every 
taxon exhibiting an autapomorphic character state) or 
were too difficult to score consistently: ME, GSR, SDH, 
ADH, ES— .1, ACON, GPD, ADA, NP, GDA, CAT, PEP-D, PEP-B, 
PEP-A, GDH, GDT-1, GDT-E’, and ALD (abbreviat ions follow 
Harris and Hopkinson 1970). These enzymes would no doubt 
have contributed some phylogenetic information concerning 
the relat ionsh i ps of pairs of closely related genera, but 
this additional information could be obtained only by 
incurring a greater cost; the inclusion of an increasing 
number of homoplasies in the data set. When analyzing 
the allelic distribution for highly variable enzymes 
across many taxa, it becomes increasingly likely that two 
electrornorphs will be found that are structurally 
distinct and yet that are essentially inseparable on the 
basis of surface charge under the electrophoretic 
conditions selected. By eliminating these variable loci, 
information concerning generic affinities is lost but the 
probability that homoplasy in the data set will obscure 
true phylogenetic relationships will be reduced. This 
concentration on conservative enzymes has recently been 
suggested for studies at the genus level or above 
(Berlocher, 1984). Consequently, the results reported 
here are based on analysis of the following E‘0 
presumptive genetic loci: ACP, AK, CK-1, CK-2, FUM,
ICD-1, ICD-2, LAP, LDH-1, LDH-2, MDH-1, MDH-2, MPI,
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S-PGD, PGI, PGM, PK, SOD-1, SDD-2, and UOE. Because the 
highly variable loci were eliminated from consideration, 
the genetic distances reported here are not directly 
comparable to other distances published in the 
literature; therefore, these values should be used for 
comparative purposes with this in mind.
0 £§ll£=>i_s ~ The allelic frequency data were
analyzed using algorithms that cluster taxa on the basis 
of genetic distance measures and through a cladistic 
analysis of character states. Roger’s modified distance 
measures were calculated using the BIOSYS-I program of 
Swofford and Selander (1381). This distance measure was 
selected because it satisfies the triangle inequality 
and, as discussed by Farris (1981), this inequality must 
be met for a distance measure to be biologically 
interpretable. Distance measures were used to construct 
UPGMA trees and distance Wagner networks (Farris 1972; 
Swofford 1981) using BIOSYS-I, and Fitch-Margoliash trees 
(Fitch and Margoliash 1967) using Felsenstein’s PHYLIP 
program. To facilitate the comparison of trees produced 
by these two approaches, a strict consensus tree was 
generated (Sokal and Ro’nlf 1981). In an effort to present 
only those phylogenetic relationships consistently 
supported by the distance data, jackknife strict 
consensus trees (JSC trees; Lanyon m s . ) were produced 
for each of these three tree-generating algorithms.
Cladistic analysis of relationships within an 
assemblage requires the selection of an outgroup (Kluge 
and Farris 1963 5 Lundberg 1972; Watrous and Wheeler 1901) 
by which primitive character states may be identified. 
However, so little is known about tyrannoid affinities 
that a designation of an outgroup was not
possible. A more distantly related taxon or group of 
taxa could have been selected but would have been of 
little help because the outgroup, to be useful as such, 
must retain some of the primitive character states also 
retained by the ingroup. This becomes less and less 
probable as more distantly related taxa are used as the 
outgroup. Consequently, a functional outgroup (Watrous 
and Wheeler 1901) was selected from within the 
assemblage. Once again no clear choice could be made a 
E£i!5£i; therefore, operating under the assumption that 
genetic distance measures are roughly tirne-dependent (for 
review see Wilson et al. 1977), I used genetic distance 
measures to determine which taxon or set of taxa was the 
oldest (i.e., was the outgroup relative to the remaining 
taxa).
Individual loci were considered to be evolving 
characters, changing from one character state 
(electromorph) to another. The alternative is to 
consider each allele to be a two-state character, but
this independent allele model is difficult to interpret 
biologically (Mickevich and Mitter 1981). The outgroup 
was used to determine plesiomorphic character states. 
For rnulti-state loci a full transforrnat ion series is 
impossible to construct solely on the basis of 
information provided by the outgroup (Mickevich and 
Mitter 1983). Consequently, for such loci the most common 
electromorph was designated as plesiomorphic (Sites et 
al., 1984), and remaining character states were
considered apomorphic.
RESULTS
Phenet î c Analysis of aiigl..ic f reguencigs
Examinat ion of the genetic distance matrix (Table 1), 
calculated from allelic frequencies presented in Appendix 
II, reveals that Sagayoa a e m  grna, the Broad-billed 
Manakin, has no close relatives among the taxa analyzed. 
Sagayoa (a monotypic genus) is considered, therefore, to 
be the outgroup of the remaining tyrannoids in all 
subsequent analyses.
Fitch-Margoliash and distance Wagner trees generated 
from the Rogers’ modified distance matrix are presented 
in Fig. la and lb, respect ively. These two trees 
constitute competing hypotheses of phylogenetic 
relationships within this assemblage. To examine points 
of congruence between the two, a strict consensus tree 
was produced (Fig. Ic). This summary tree indicates that 
18 nodes are shared by the two trees, resulting in a 
consensus fork index <CF> of 0.821 (Col less 1980). Points 
of disagreement between the two trees are not evenly 
distributed. Relationships within the Cotingidae are 
less well resolved than are those for the remaining taxa 
(CF=8/13=0.615 and CF=10/15=0. 6 6 6 , respectively).
Electrophoretic data indicate that the family 
Cotingidae is composed of five major lineages. Although
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the two types of tree-generating procedures disagree on 
the branching sequence of these lineages, both indicate 
that the family, as currently recognised, is
polyphylet ic. Of the "cot ingid" genera analyzed, 
Ligaugus and EiECEElii were the rnost distinctive. The 
distance data indicate that the genus Phytotoma, 
currently placed in its own family, Phytotomidae, is most 
closely related to the cotinga lineage consisting of 
0!2E§-Ii£!2» BeliECDiii'j 2§C§lL2E12i§ii Rugi.cgl.a, and 
Eb2§Qi2AC2E:§* Finally, the following two assemblages of 
"cotingid" genera were identified: 1) Cotinga,
§¥Q3D2ri§EE=b and lodogl^eura 3 2) EyCE^erus and Ouerula.
Analyses of the distance data (Fig. lc) suggest common 
ancestory for the Pipridae (excluding Sagayoa), 
Oxyruncidae, tityras, becards, and typical flycatchers 
(represented by Myiarchus). Within this assemblage the 
placement of the Myiarchus lineage is uncertain because 
the Fitch-Margoliash and distance Wagner trees differ on 
this point. Within this lineage is a group composed of 
the monotypic Oxyruncidae, the two tityrine genera, and 
the aberrant manakin genus Eiprit e?s>- The remaining 
rnanakins constitute a rnonophy 1 et ic assemblage.
JSC trees were produced for both analyses to determine 
how consistently these data support the topologies 
constructed from the complete data set (Fig. 2a and 2b).
The Wagner JSC tree retained 11 nodes, whereas the 
Fitch-Margoliash JSC tree with £3 nodes was much more 
stable to this form of data manipulat ion. Importantly, 
the eleven nodes in the former JSC tree were included in 
the latter.
To examine the affect of representing a taxon by a 
small number of individuals (as done in this study), a 
single individual of each species was selected at random 
to represent the taxon in Fitch-Margoliash and distance 
Wagner analyses. The resultant trees did not differ from 
the branching sequence depicted in Fig. la and lb. This 
finding is consistent with the results of previous such 
investigat ions (Nei 1978; Gorman and Renzi 1979). 
Similarly, use of Chord distance (Caval1i-Sforza and 
Edwards 1967) or Nei’s distance (1978) instead of the 
modified Rogers’ distance did not affect the topology of 
the resultant trees.
anal_ysi^s of allelic
The cladistic analysis resulted in groupings similar to 
those discussed above. Using Sagayoa as the outgroup, 
two clades were identified within this assemblage. The 
fast electromorph identified for the muscle locus of CK 
was found in Pjprites, Jityra, and P§9tlY£§!l!E!tl.9§ (Fig. 3a, 
clade Q), whereas all other genera shared the slow allele 
with the outgroup. The second clade, defined by the
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intermediate electrornorph of MDH-2, included all manakins 
with the exception of BifilZitgs, Sagayoa, and Schi.ffornis 
(Fig. 3b, clade N). The cotinga genus Zaratornis was 
characterized by a unique fast electromorph, and the 
remaining taxa had the plesiornorphic slow allele. That 
the plesiornorphic character states for these two enzymes 
were found in a large number of taxa makes the resulting 
cladogram less dependent upon the selection of Sapayoa as 
the out group. If any of the remaining taxa with the slow 
electrornorph of both CK and MDH-2 were in fact the proper 
outgroup, the results would not have differed.
To determine relationships within clades D and N (Fig. 
3a and 3b), all genera outside the clade were used as a 
composite outgroup to identify syrnples i ornorphs. The 
cladograms resulting from this analysis (Fig. 3a and 3b)
differ very little from the branching sequence of the
strict consensus tree for Fitch-Margoliash and distance 
Wagner analyses. In Fig. 3a Eigrites is indicated as the 
sister group to the tityras and becards, whereas in the
distance analysis it was unclear whether Oxyruncus or 
Pi.grites was the correct sister group. In Fig. 3b the
clade K, consisting of Iyt£D£eutes and Neggelma, is the 
sister group to the M§chaeropterus, Manacus, and P^gra 
clade (J). The distance analyses resulted in the same 
clusters (clades J, K, and M) but were in conflict as to 
the proper sister group relationships of these clades.
Finally, the distance analyses supported a cluster 
containing Ch^iroxi;phi.a, and Corapjlgo, but no
synapornorphy was found to indicate such a relat ionship.
Further analysis of cladist ic relat ionships was made 
possible by accepting an hypothesis generated by the 
distance analyses. Specifically the hypothesis that the 
node X in Fig. Ic defined a monophylet ic group. Os 
above, all taxa not included within the assemblage were 
considered to be part of the outgroup. In addition, all 
taxa descendant from node X in Fig. Ic were used as a 
composite outgroup for the remaining taxa. The results 
of this third phase of cladistic analysis were used in
conjunction with the previous analysis to produce the 
cladogram presented in Fig. 4. Of the 173 character 
states examined in this study, were eliminated because 
of their occurrence in the outgroup, 3£ were 
autapomorphies (unique derived characters), and 33 were
synapomorphies (shared derived characters? Fig. 4). The
remaining 31 electrornorphs were syrnplesiomorphies (shared 
primitive characters) or the result of homoplasy 
(incorrect determination of homologous character 
states).
An obvious aspect of the cladogram (Fig. 4) is its 
distribut ion of synapomorphies. For the genus Phytotoma 
and the 13 taxa included in this study currently
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recognized as cotingas, only 8 nodes of a possible 
maximum of 11 are defined by synapomorphies. In
contrast, the remaining fifteen taxa in this analysis, 
currently distributed among three families, are linked by 
12 of a possible 13 nodes. Furthermore, each node in the 
latter group is better represented by synapomorphies in 
with an average of 1.92 synapomorphies/node as opposed to 
1.25/node for the cotinga group.
CLASSIFICATION
The Fitch-Margoliash and distance Wagner trees produced 
in this study provide specific hypotheses of evolutionary 
affinities within this assemblage, hypotheses that may be 
tested through examination of additional character sets. 
However, as indicated by the JSC trees, a substantial 
number of nodes in these dendrograms are unstable to 
jackknife manipulations. Therefore, for the purpose of 
devising a classification for the taxa analyzed in this 
study, the cladogram in Fig. 4 provides a set of 
hypotheses supported by the data presented here. A 
phylogenetic classification that represents these 
hypotheses is included in Appendix III and is discussed 
below as it relates to the findings of other workers in 
this area.
The classification (Appendix III) represents only 
phylogenetic relationships and ignores morphology,
ecology, and adaptation. Consequently, information 
concerning differential evolutionary rates in different 
taxa cannot be retrieved from this classification. For 
example the genus Phytotoma is here placed in the family 
Rupicolidae; this emphasizes evolutionary relationships 
indicated by the allelic data but obscures the extremely 
derived nature of its foraging behavior and corresponding 
morphology.
IYR0NNOIDEQ
The family cotingidae, as delimited by Snow (1373), 
remains little changed from Sclater’s (188B) 
classification. Several genera have been transferred to 
the Tyrannidae (Meyer de Schauensee 1970? Snow 1373; 
Traylor 1977) on the basis of skull osteology (Warter 
1985) and syringeal morphology (Ames 1971), but otherwise 
there has been little modification of the' Cotingidae 
despite the relative dirth of data supporting such an 
assemblage. Sibley and Ahlquist (1385) maintained a 
monophyletic assemblage of "cotingas" in their revision 
of the New World suboscines. This was based on hybrids 
between labeled EiE£!~o.la DNA and driver DNA from eight 
other cotinga genera. Although Sibley and Ahlquist’s 
(1985) data do not dispute a monophyletic arrangement, 
neither do they support it. The validity of cotinga 
monophyly as determined by DNA hybridization must await
the labeling of single copy DNA from several "cotinga" 
genera, ideally representing the full range of 
morphological diversity exhibited by this family, as it 
is currently recognized.
Warter (1965), in his examination of tyrannoid skull 
osteology, also chose to maintain the family Cotingidae 
as described by Sclater (1888) with the following
exceptions: Rhyti.pt erna, L§Di£'£§>23? At t i^a, E^eudat t i.! a, 
and Casi.grni,s were transferred to the Tyrannidae. Warter 
(1965), he considered both the cotingas and manakins to
possess the same general skull type (type II) and
concluded that rnanakin skull morphology fell within the 
range of variation demonstrated by the cotingas. Warter 
stated that " ... there seems at present little really 
substantial foundation for the retention of the Pipridae 
as a family distinct from the Cotingidae as this 
extremely diverse family is now constituted. A really 
consistent approach would seem to require either a 
reduction in rank for the Pipridae and a return to their 
previous status as a subfamily within the Cotingidae, or 
else a fragmentation of that heterogeneous family into a 
number of smaller, more homogeneous family units. 1
The electrophoretic data do not support continga 
monophyly. The Fitch-Margoliash and distance Wagner 
trees indicate polyphyly, but as shown in Fig. 1, the
case for monophyly rests on the validity of a few very 
short branches. As discussed by Nei et al. (1983),
short branches can be very unreliable. This is confirmed
by the results of the JSC (Fig. £) and cladistic analyses 
(Fig. 4), both of which produce topologies consistent 
with both a monophy1etic or polyphyletie origin for this 
assemblage. Considering that we have no evidence to 
support a monophyletic assemblage of cotingas after 
investigat ions of skull (Warter 1985) and syringeal 
morphology (Ames 1971), tarsal scutellation (Ridgway 
19®7), behavior (Snow 1973), DNA hybridization (Sibley
and Ahlquist 1985), and now electrophoresis, I feel it is 
more instructive to recognize each "cotinga" lineage as a 
separate family (see below). In this way the uncertainty 
concerning the phylogenetic relationships of these 
lineages is stated clearly.
Sclater’s (1888) Lipauginae contained Lipaugus, 
BbMtigterna, and L a m g c e r a .  The latter two 
genera have since been moved to the Tyrannidae on the 
basis of syringeal (Ames 1971) and osteological (Warter 
19S5) evidence. Ames (1971) suggested that Lipaugus also 
be transferred to the tyrannidae. However, subsequent 
reinvestigation of syringeal characteristic has revealed 
that the condition of the syrinx in Ljpaugus is more
typical of other cotinga genera (W. E. Lanyon, pers. 
comm.). Warter (1965) found the skull of Ligaugus to be 
similar to that of the fruit crows, and he returned 
L.Igaugus to the cotingid subfamily Querulinae of Swainson 
(1862). The distance Wagner analysis (Fig. lb) indicates 
a similar relationship between Ligaugus and Guerula 5 
however, this close association disappears in the 
jackknife analysis (Fig. £), and no synapomorphies were 
found to support such a clade. To reflect this uncertain 
phylogenetic affinity, I propose that Sclater’s (186S) 
family Lipaugidae be resurrected. It is likely that 
analysis of additional "cotinga" genera in the future 
will indicate that Chi.rocyl.la be placed in this family as 
wel 1.
The Pipreolidae, here represented only by Pigrecda, is
similiarly the result of an early branching event in of
tyrannoidea. Sibley and Ahlquist (1985), using labeled
Eigregl.a DNA as discussed above, found no obvious close
relatives to this genus. The closest genus was Li.gaugus
with a T H value of 6 . 6 degrees Centigrade (Table 6 in 
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Sibley and Ahlquist 1985). Snow (1973) suggested that 
Pi.greo.la, along with Qmge.l.i cades, represent an offshoot 
from the Amgejagn lineage. The electrophoretic data do 
not eliminate this possibility but indicate that such a
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split would have occurred near the beginning of the 
tyrannoid radiation. Warter (1965) and Ames (1971) found 
<=SiBC!=!2 laJ to be most similar to Curinga, 
X.2 ph2 l2 D §7 ar,ci 0mpel_i,gn. The electrophoret ic data 
presented here suggest that, among the taxa analysed, 
there are no close relatives of the genus Pgprecd§-
Q2 tingidae
The electrophoretic data support a lineage consisting 
of Cgtinga, Gymngderus, and lodogleura. Gyrnngderus has 
h istorically been placed with the other large cotingas. 
In Sclater’s (1888) classi f icat ion the Gyrnnoderinae 
consisted of da§[0§t gderus, Queru l̂ a, Pyrgder us,
Q§E!3al2 Bt §rus, Gymngceghalus, and Qhasmgrhyochus 
(=Prgcni.as). Similarly, Ames (1971) placed Gymngderus 
with genera such as Pyrgderus, Q2 Btl§l2 Bterus, and 
P§BiBl‘2 2 §E!tl§iilB the basis of syringeal evidence.
Although tissues for the latter two genera were not 
available, the electrophoretic data certainly do not 
support a close affinity for Pyrgderus and Gymngderus. 
Warter (1965) felt that the skull of Gymngderus was 
sufficiently distinct from that of other cotingids that 
he placed it in its own subfamily, the Gyrnnoderinae. He 
did comment, however, on the resemblance between 
Gymngderus and Cgtjinga, the former being a larger version 
of the latter.
Sclater (18QS) placed Cotinga in an assemblage that 
included Xiebolena, lijuca, fimpeiion,
Carpodectes, D g l i g r m s ,  Iodgpleura, and Qalyptura. A
similar cluster of genera was supported by Arnes (1371), 
except that Iodgpleura was not included. The presence of 
internal cartilages in the internal tyrnpaniform membrane 
of the syrinx and the oblique ventral intrinsic muscles 
ir' caused Ames (1371) to comment on its
possible affinities to the Tyrannidae. This relationship 
is not supported by the data presented here, which
suggest that although distantly related (Rogers’ modified 
D range from .652 to .737 within this assemblage, see 
Table 1), the genera Cotinga, Gymngderus, and Iodgpleura 
represent a monophyletic assemblage. If this
hypothesised relationship is correct, then the presence
of internal cartilages in Iodgpleura must be the result 
of convergence or a retained primitive condition. This 
clade (B in Fig. 4) is supported by one synapomorphy, the 
consensus tree (Fig. Ic), and the Fitch-Margoliash JSC 
tree (Fig. £a).
SyfiiCoHdae The last of the new "cotinga" families
contains three subfamilies. The family is supported by 
one synapomorphy (clade H in Fig. 4). The inclusion of
the Rupicolinae and Ampelinae in a clade is also
supported by the consensus tree (Fig. Ic). In the 
aforementioned analysis, however, the Querulinae is not
portrayed as a member of this clade.
Qyi!CyIiD§§i~ The Guerulinae contains the genera 
Pyroderus, and Querula. Both Ames (1371) and Warter(1965) 
recognized an assemblage containing Pyroderus, Queru3,a, 
d§§Q]stoderus, PgElssocephalus, and Ceghal^ogterus. Warter 
identified Cephaloqterus as the sister group of Pyr2 dgl2kl§ 
and Ames regarded Dueruia as the most similar to 
Cgrgodectes. The electrophoretic data are consistent with 
both of these studies in support ing the more inclusive 
assemblage. In all analyses of the allelic frequency 
data, Pyrgderus and Guer iQa are indicated as sister 
taxa. Noting the very low genetic distance between 
Pyroderus and Dueruia found in this study (Table 1), it 
would be interesting to investigate electrophoretically 
other genera in this putative assemblage. The only other 
suggestion of affinities for these two taxa come from a 
DNAxDNA hybridization study of affinities of the family 
Oxyruncidae (Sibley et al. 1384). In that study 
Oxyruncus was determined to be more closely related to 
QueruJLa than to Rupicol^a, P r o e m  as, Gymnoderus, 
Q§fib£loeterus, Pifirgola, or 0mfie].j.on. The results of the 
electrophoretic data would have predicted comparable
T H ’s for Dueruia vs. Dxyruncus and for Rugicola vs.
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Qxyruncus.
OyfiigGliBS®- Rufiicola has been variously classified as
a cotinga, as a manakin, arid as a family in itself. The 
main justification for recognizing the monogeneric 
Rupicolidae in the past was the divergence of Rupi.cgl.a 
from the normal cotinga pattern of having the femoral 
artery as the major vessel of the thigh (Garrod 1877). 
The evidence presented here suggests that this genus 
belongs to one of the cotinga lineages and, therefore, 
that the increased size of the sciatic artery in Rugicgl^a 
is an autapornorphic character state. Ames (1971) found 
that Rupicola has a very simple cotinga syrinx and placed 
this genus in the Cotingidae; he believed, however, that 
it had no close relatives within the family. Warter 
(1965) also found this taxon to be somewhat divergent 
from the remainder of the cotingas, although he did 
recognize a slight similarity to Haematoderus, a 
similarity he attributed to convergence. In both studies 
the authors concluded that their respective characters 
provided no insight into the affinities of Rugjicg^La 
within the Cotingidae.
EtlSEDiciCCMs was considered by both Sclater (1888) and 
Hellmayr (1927) to be more closely related to Rugicol^a 
than to any other extant taxon. As discussed by Snow
(1973), it is unclear how these authors came to this
conclusion, although these two genera do share a bright 
red or orange plumage and, in both, feathers extend over
the culrnen. Sclater placed these two genera in the same
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subfamily, Rupicolinae, but the characters used to define 
this assemblage do not, according to Snow (1973), apply 
to E!22§!!2i£i!2£M§:" It appears that the only morphological 
evidence supporting a close relationship between these 
two genera is the presence of a crest. This character
state, however, has evolved independently so often in
birds that it is of questionable value as a systematic 
character for investigat ions of familial and subfamilial 
relationships. The allelic data strongly support a 
sister group relationship for these two taxa (Rogers’ 
modified D=®.£30, see Table 1) (Clade C in Fig. 4), and I 
suggest that Sclater’s Rupicolinae be recognized once 
again. flmes examined the syringeal morphology of
EtlQgDiSiCCys? but reached no conclusions regarding its
affinities. Re-examination of syringeal characters and 
investigation of skull osteology (material was
unavailable to Warter in his study) in P h o e m c i r c u s  could 
provide a test of the hypothesized close relationship of 
these two genera.
9!2E§iil2§§!“ last of the "cotinga" lineages that I
recognize here, consists of three genera thought to be 
closely related (Snow 190£) and the genus Phytotoma, 
which has been placed in its own family Phytotomidae 
(Morony et al. 1975). ftmes (1971) recognized a
similarity between the syringeal morphology of Phytotoma 
and Heliochera (==0 r«jseil ion) but could not rule out the
possibility that this sirni 1 arity reflected a suite of 
shared primitive characters. Warter (1965) found the 
skull of Phytotoma to be so unique that he recommended 
maintaining the family Phytotomidae. Most recently, 
Sibley and Ahlquist (1965) placed Phytotoma within their 
Cotinginae stating "Morphologically Phytotoma is even 
more like typical cotingas than is Oxyruncus, which is 
clearly a cotinga. We therefore include Phytotoma in the 
Cotinginae." The inclusion of this genus within the 
subfamily Ampelinae is supported by one synapomorphy 
(Clade G in Fig. 4) and by all distance analyses of this 
data set.
The remaining genera in this assemblage are Amgel :i on, 
Dol^ornis, and Zaratorni_s all of which have been recently 
grouped into a single genus <Ampe].jion) (Bond 1356; Snow 
1962; but see Parker 1981). All previous treatments of 
these genera have placed them close together in the 
classification. Relationships within this subfamily will 
be discussed elsewhere (Lanyon et al. in prep.).
The family Tyrannidae, as recognized here, contains 
three subfamilies (Fig. 6 ) including two from Snow’s 
Pipridae (1973). Relationships among the three
subfamilies are uncertain, although one synapomorphy
links the Schifforninae and Piprinae. This arrangement is 
in contrast to the classification presented by Sibley and 
Ahlquist (1985), in which (1) S c h i f f o r m s  is the sister 
group of the t ityras and becards, and (2 ), the manakins 
are the sister group of the cotingas.
Manakins and cotingas have long been considered to be 
closely related largely because of the rather elaborate 
communal displays and plumage patterns characterist .ic of 
some genera in both families. However, Gill lard (1962) 
concluded that the communal displays of cock-of-the-rocks 
(Bi!2 i2 2 lS rupjico].a) and of manakins were not homologous 
behaviors (cf. Moynihan 1963). Additional support for a 
cotinga/manakin clade was found by Garrod (1877) in an
investigation of thigh arteries. Garrod was able to
separate the cotingas and manakins from the flycatchers 
on the basis of the relative importance of the femoral
artery in the former two groups. Syringeal and 
osteological characters provided little or no information 
concerning relat ionsh .i ps among these groups. Ames (1971) 
found no evidence with which to link the manakins to
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either the flycatchers or cotingas, and Warter (1365) 
believed that the Pi oridae should be retained as a 
separate family, although he did recognize a similarity 
between the manakins and cotingas.
Phenetic and cladistic analyses of the electrophoretic
data consistently support a clade containing the
manakins, flycatchers, tityras, becards, and sharpbills.
To permit a comparison of the electrophoretic and DNA
data sets (Sibley and Ahlquist 13S5), the DMA
hybridization data were reanalyzed using the
Fitch-Margoliash algorithm. The complete matrix of T H
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values presented in Table 3 were extracted from tables 
1-16 in Sibley and Ahlquist (1305) and used to derive a 
Fitch-Margoliash (Fig. 5a) and a JSC Tree (Fig. 5b). The 
latter illustrates that DNA hybridization data do not 
consistently support a close relationship between the 
manakins and cotingas. The DNA and electrophoretic data, 
therefore, do not disagree on this point. However, Fig. 
5b does indicate that the close relationship betweE?n 
£2 CDAE ariC* i5 consistently supported by
the DNA hybridization data. This is in direct conflict 
with the data reported here.
Pi.gr.inae- The Piprinae contains three tribes: the
Neopelmini, Piprini, and Corapipini. Each of these clades 
is defined by two or, in the case of the Neopelmini,
three synapomorphies. In addition, these same clusters 
are consistently supported by distance analyses of these 
same data. Relationships among the clades is more 
ambiguous. Cladistic analysis demonstrates two 
synapomorphies (Clade L Fig. 4) that link the Neopelmini 
and Piprini (a relationship supported by the distance 
Wagner analysis), but the Fitch-Margoliash tree suggests 
that Neopelmini and Corapipini are sister taxa. JSC 
trees demonstrate that analysis of these data in terms of 
distance measures sheds no light on the relationships 
among these groups.
The Piprini consists of EiPCsii ar,c*
Manacus (Clade J Fig. 4). Snow (1975) suggested a close 
affinity between the latter two genera on the basis of 
gross morphology of secondaries and choice of display 
perches. firnes (1971) found that Eipra and Manacus had 
similar carti 1aginous elements in the syrinx, although 
they differed in syringeal musculature. Re-examination 
of the relationships within this tribe using additional 
species from each genus and using variable loci in 
addition to the loci investigated here is recommended 
before making any conclusions about inter-generic 
evolutionary relationships within this tribe.
The Neopelmini consists of two morphologically very 
similar genera, Neope.lma and (Clade K Fig.
4). A close relationship between these two genera has 
been suggested previously on the basis of courtship 
behavior (Snow 1973). However, placement of these genera 
within the Pipridae has been questioned. Warter (1965)
concluded that the external morphology and skull 
osteology of Weooel^rna indicated an affinity with 
flycatchers. Ames (1971) did not analyze either genus.
The third tribe within the Piprinae, Corapipini, is
composed of Ch_i r^HiElliS? ^2512-1? ar,c* Qbl2 E2 EA122
(Clade 1*1 Fig. 4). This assemblage has not been suggested
previously. Snow (1973) proposed that Pi.gra (here placed
in the Piprini) was the closest living relative of
G!2iE2 i!liE!2ia because of si mi larit ies in their display 
repertoires. Snow also suggested that Coragjigo was most
likely closest to Manacus on the basis of plumage 
similarities, whereas Ames (1971) found that Q2Ea£iE2
possesses very distinctive syringeal musculature. Snow 
allied Chigrogigo with Neogigo and Xenogi_go (neither 
available for this study) because of a general lack of 
special izat ion in these genera. Finally, Masjius was 
determined to be rather unique, and Snow believed no 
close relatives were extant.
iEtlif £ The second subfamily within the
Tyrannidae contains the first of three genera
< fQCDAla) included provisionally in the Pipridae by
Snow (1975). The Schi f forninae, with Schji f f o r m s  as its 
sole genus, is linked to the Piprinae by a single 
synapomorphy in the cladistic analysis (Clade 0 Fig. 4) 
and by the Fitch-Margoliash JSC tree (Fig. £a). However,
in recognition of the conflict between the DNfi
hybridization data and electrophoretic data discussed 
above, this lineage is given subfamily status rather than 
a subordinate position within the Piprinae. The uncertain 
phylogenetic affinities of this lineage are emphasized by 
the findings of Arnes and Warter, both of whom retained
S c h i f f o r m s  within the Pipridae but noted its
distinctiveness and lack of affinity to any of the taxa
examined.
This subfamily (Clade S, Fig. 4) contains
several very distinct groups of birds. These are the
true flycatchers (Tyrannini), the sharpbills
(Oxyruncini), and the tityras and becards (Tityrini). 
This assemblage is very similar to the family Tyrannidae 
as recognized by Traylor (1977), with the exception that 
Oxyruncus and Eipri.tes are here assigned to this 
assemblage for the first time.
The Tyrannini is represented in this study by the genus 
M^isrchus. Caution, however, should be used when 
attempting to extrapolate these findings to the remainder 
of the flycatchers, which may or may not represent a
monophyletic assemblage (McKitrick .1985; Sibley and 
Ahlquist 1985). The affinities of Wyiarchus are unclear 
in the distance analyses (Fig. 2), but this genus is 
linked by one synapomorphy to the Oxyruncini and Tityrini 
to form the Tyranninae (Clade S in Fig. 4). DWAxDlVA 
hybridization data indicate a similar relationship 
between flycatchers and the tityras and becards (Fig 5).
In this classification (Appendix III) Qxycuncus is
placed in its own tribe (Oxyruncini) within the 
Tyranninae and is shown as the sister group to the 
Tityrini. Two synapomorphies support this latter
relationship. Further support for the placement of
Oxyruncus within this subfamily is provided by syringeal 
morphology. Arnes (1971) found that the taxa included in 
the Tyranninae as defined here all have internal 
cartilages in the tympaniform membranes. Warter (19&5) 
concluded, however, that the skull is so highly modified 
in this genus that it shows no affinities to any other 
tyrannoid.
Two alternative placements of Qxyruncus have been 
suggested. Hayse (1965) found the humerus to be unique 
within the Tyrannoidea but similar to that found in the 
Rhinocryptidae. Warter suggested that this similarity 
might be due to behavioral similarities between 
sharpbills and tapaculos. However, sharpbills are
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canopy-dwel1 ing birds, unlike the predominant ly 
terrestrial tapaculos (pers. obs.). Several studies 
support the placement of QxyryDEM!! in the Cotingidae. 
DNAxDNA hybridizat ion indicates that Q><¥Euncus ar'd 
Duerula of the Cotingidae are closely related (Sibley et 
al. 1984? Sibley and Ahlquist 1985). Sharpbills 
demonstrate behavioral similarities with some cotinga 
genera (Sick 1971? Stiles and Whitney 1983).
The Tityrini contains Snow’s Tityrinae and the second 
of his aberrant manakin genera, EifiCitssj- Ames (1971) and 
Slud (1964) recognized the non-rnanakin characterist ics of 
Pi.gri^tes and both believed that further investigation 
would reveal that this genus was closely related to the 
flycatchers. Arnes could only state that this genus was 
distinct from the rest of the manakins in terms of its 
syringeal morphology and that it was "reminiscent" of 
some genera of small flycatchers. The tityras and 
becards have in the past been included in the Cotingidae 
because of their foot and leg morphology, characters that 
have since been questioned seriously (Warter 1965? Ames 
1971). Warter found that the skulls of these forms were 
similar enough to flycatchers to suggest a close 
relationship. The derived condition of the ninth primary 
as well as one allelic synapomorphy (Clade P Fig. 4) may 
be used to identify the tityras and becards as sister 
taxa within the Tityrini.
S0P0YOIDE0
S^B^yo^dae
The last of Snow’s aberrant manakins, Saga^oa, is 
herein recognized as the sole member of a new 
superfamily. Wetmore (1972) stated of this genus "It 
seems probable that the true relationship is with the 
Cotingidae, though allocation in the Tyrannidae has also 
been suggested." In foraging behavior, Sagayoa is 
similar to the tyrannid genus Rhynchocyc^us (pers. obs. ) ; 
however, such a relationship is not supported by the 
electrophoretic data. Genetic distances between this 
genus and all tyrannoids examined were consistently above 
0.000 (Table 1). Furthermore, in his analysis of skull 
osteology, Warter (1965) found that the eurylaimid 
bore the greatest resemblance to the 
Broad-billed Manakin. He suggested placing Sajoayoa 
aenigma as incertae sedis pending clarification of its 
phylogenetic affinites through examination of additional 
character complexes.
DISCUSSION
The use of electrophoresis in studies of avian 
systematics has been restricted primarily to problems at 
or below the level of the genus (Feduccia 1970; but see 
Sibley 1970; Sibley and Ahlquist 197c'; Barrowclough et 
al. 1981; and Gutierrez et al. 1983). This fact, along 
with the decreased usefulness of electrophoretic 
characters at higher taxonomic levels in other groups of 
organisms, has lead some reviewers to conclude that 
electrophoretic characters are not useful in birds at 
taxonomic levels above the genus (Avise 1974; Matson 
1984). On the contrary, the results presented here 
indicate that such data provide considerable phylogenetic 
information concerning avian familial and subfamilial 
relationships. The usefulness of electrophoretic 
characters at these higher taxonomic levels is consistent 
with the low degree of molecular differentiation found in 
birds (Prager et al. 1974; Barrowclough et al. 1981; 
Avise and Aquadro .1982).
The electrophoretic data define six separate lineages
among the genera previously considered to be cotingas and
three such lineages among the manakin genera analyzed.
This is a marked improvement over the previous situation
in which there were no characters defining family limits




The electrophoretic data provide little information 
concerning the branching patterns among these various 
lineages. This result could be indicative of the poor 
resolving power of electrophoretic characters at the 
superfamily and family levels of systematic investigation
(1984). The enzymes typically surveyed may simply evolve 
too rapidly and, therefore, retain very little 
information concerning such relat i vely anc i ent
evolutionary events.
An alternative explanation is that the value of 
electrophoretic characters at different systematic levels 
is a function not only of their rate of evolution but 
also of the time period between the branching points 
under investigat ion. For example, consider the 
hypothetical case of three taxa, A, B, and C, wherein A 
and B are more closely related phylogenetically to each 
other than either is to C. If the time period between 1) 
the divergence of C from the common AB lineage and £) the 
point at which A and B diverge is very short then only 
fast-evolving enzymes are likely to change during this 
critical period of shared ancestry for A and B. However, 
these fast-evolving enzymes are also likely to have 
changed further in the time since the divergence of A and 
B, thus obscuring the fact that these two taxa shared a
common ancestor independent of taxon C. Thus, if one 
investigates the branching sequence that took place 
during an adaptive radiation of an assemblage, then 
eiectrophoretic characters will be of value only if the 
radiation was a recent phenomenon. If, however, the 
phylogeny under investigation was characterized by long 
periods of time between branching points, then 
eiectrophoretic characters may be valuable even for very 
ancient events.
The distinction between these alternative
interpretations strongly affects the kinds of conclusions 
made from eiectrophoretic studies. If the ability to 
extract phylogenetic information from electrophoretic 
data is independent of the length of time between the 
origin of new lineages, then the results presented here 
concerning cotinga relationships indicate only that 
allelic data are of little help in determining the 
affinities of the different cotinga lineages. However, 
if the interval between branching points does affect the 
usefulness of allelic data, then these data may indicate 
that the six cotinga lineages defined by this study (as 
well as the rnanakin/flycatcher lineage) resulted from a 
coincident radiation into new adaptive zones. Under this 
latter interpretation, time intervals are viewed as 
having been sufficiently short that few, if any, derived 
character states evolved between branching events. Thus,
there is a very low probability that any of these derived 
character states remain in extant forms to be used by 
systematists to unite sister taxa.
This latter interpretation is consistent with the
results of other investigations of tyrannoid
systematics. After analyses of morphological characters
and more recently of DMA hybrid!sat ion, the relat ionshi ps
between the major lineages within the Tyrannoidea remain
poor1y known. This lack of synapomorphic characters with
which to unite the various lineages is precisely what is
predicted if those lineages arose relatively long ago
during a rapid radiation. Similarly, if Sibley’s Uniform
Average Rate of sequence evolution (Sibley and Ahlquist
1383) is accepted as essentially correct, then the
instability of the Fitch-Margoliash Tree (derived from
T H values) when analysed using a jackknife manipulation 
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must be interpreted as indicating that manakins, the six 
"cotinga" lineages, and flycatchers arose at essentially 
the same point in time.
It should be noted that the occurence of relatively 
short intervals in the evolutionary history of the taxa 
being studied is particularly important when trees are 
derived from distance data. Such trees can be shown by 
jackknife manipulations (Lanyon 1985) to contain nodes 
and corresponding branches that are only marginally
supported by the data. Short branches within the tree
are shown to be particularly unstable in response to such
data rnani pul at ion. Thus, analysis of distance data may 
be unable to recreate the true phylogeny when 
evolutionary history included short periods of time 
between branching points. This conclusion should not be 
surprising; however, it is worth emphasizing because the 
distance algorithms commonly used will generate short
branch segments despite little support for them within
the data.
Recently, there has been increasing interest in the 
analysis of electrophoretic data by cladistic means as 
opposed to the clustering of distance values. Although 
very different in their philosophical justification, the 
two techniques produce comparable results in this study 
once a jackknife approach has been used to eliminate 
poorly supported nodes in distance trees. This
concordance, however, may be more a result of the nature 
of eiectrophoretic data than it is a comment on the 
relative value of these two approaches. The existence of 
multiple character states (electrornorphs) in
eiectrophoretic data makes it difficult if not impossible 
to determine a complete transformat ion series for any one 
character (locus). Consequently, a cladistic analysis, 
such as that outlined by Sites et al. (1984), frequently 
amounts to the removal of character states found to be
symplesiomorphic with subsequent clustering using the 
remaining character states. Thus, in practice there may 
not be much difference between the results produced by 
these two approaches when analyzing eiectrophoretic 
data.
In terms of the broader debate concerning the 
advisability of using a cladistic as opposed to phenetic 
analysis to study phylogenetic relationships, the data 
presented here would support the use of the former when 
using morphological characters. By comparing the results 
presented here with the historical classification of 
tyrannoids, it becomes apparent that autapomorphic and 
symplesiomorphic character states were frequently given 
great weight when placing a taxon within a 
c 1assi ficat ion.
fit one extreme is the genus Phytotoma, which is 
normally placed in its own family (Phytotomidae) because 
of the derived nature of the bill and associated 
rnorphological structures. The eiectrophoretic data 
indicate that this taxon falls within a cluster of three 
cotinga genera that have recently been placed in the 
genus fimgel^on (Snow 1973). In this case, emphasis on the 
highly derived, but unique, character states obscured the 
true phylogenetic relationships of this form. Similarly, 
Rupicol§. has frequently been placed in its own family as
a result of the importance given to the relative sizes of 
the various thigh arteries (fimes 197£). Rugicojla was here 
found to be closely related to the genus Phoemcircus.
fit the other extreme is the genus Sagayoa, which has 
been classified historically as a manakin. Its lack of 
obvious unique character states and its possession of
character states found in several of the tyrannoid
families has resulted in its placement in the Pipridae. 
However, as indicated by the allelic frequency data, this 
taxon is the most distinctive form within the 
assemblage. The morphological similarities are therefore 
shared primitive characters.
It is difficult to compare studies that use different 
characters and analytical techniques? it is important,
however, to attempt to do so if we are to learn about the 
relative value and evolutionary significance our 
systematic characters. The study by Sibley and fihlquist
(1985) of suboscine relationships as indicated by DNfi 
hybridization results provides an interesting comparison 
of two different biochemical data sets. To facilitate 
such a comparison, the DNfi data were reanalyzed in the 
same manner as the eiectrophoretic data (as discussed
above). The jackknife strict consensus Fitch-Margoliash 
trees from the DNfi and el ectrophoret .ic data both 
demonstrated a fair degree of uncertainty, but sufficient
nodes remained to warrant a comparison. Whereas the 
eiectrophoretic data identify Schiffornis and EiCCs) as 
sister taxa, the DNA data set indicates that Schi.fforn.is 
and Pachyramghus are each other’s closest relatives. A 
further discrepancy is apparent, not from the complete 
data matrix, but from a single tracer study of 
phylogenetic affinities (Sibley et al. 1984). The 
results of this study suggest that this genus is best 
assigned to the Cotingidae or to the Rupicolidae as 
defined in the present study. The lack of a complete 
matrix of genetic distances with respect to this taxon 
makes it difficult to assess whether such a placement is 
consistently supported by the data. As discussed by 
Brownell (1983), it is important to perform all paii— wise 
comparisons because variation in factors such as genome 
size may seriously affect reciprocity.
One last difference between the DNA hybridization and 
eiectrophoretic data sets is implicit in the 
classifications resulting from these studies. Using the 
former data set, Sibley and Ahlpuist (1985) place the 
Piprinae (synonymous with the Piprinae in this study) as 
the sister group to the Cotinginae (composed of genera 
placed in the Cotingidae, Lipaugidae, Pipreolidae, and 
Rupicolidae in the present study) on the basis of a very 
short branch shown to be unstable to a jackknife 
manipulation (this study). In contrast, the
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eiectrophoretic data support a phylogeny in which the 
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TABLE 1. Matrix of modified Rogers D (below diagonal) and 
Nei’s D (above diagonal) generated from allelic frequency 
data.
1 2 3 4 5 6
1 QQIINGA ***** 0. 446 0.593 0. 564 0. 558 0. 647
c. GYMNODERUS 0. 652 ***** 0. 418 0. 443 0. 500 0. 618
3 PYRODERUS 0. 754 0. 632 ***** 0. 176 0. 518 0. 480
4 QUERULA 0. 719 0. 638 0. 387 ***** 0. 514 0. 411
5 IDDOPLEURA 0. 737 0. 689 0. 707 0.695 ***** 0. 563
& PIPREDLA 0. 778 0. 769 0. 671 0. 608 0. 724 *****
7 AMPELIDN 0. 690 0. 721 0. 676 0. 614 0. 697 0. 660
a DOLIORNIS 0. 779 0. 750 0. 622 0. 566 0. 716 0. 642
9 PHYTOTDMA 0. 747 0. 730 0. 586 0. 518 0. 695 0. 614
10 ZARATORNIS 0. 771 0. 775 0. 632 0. 585 0. 707 0. 671
11 LIPAUGUS 0. 739 0. 749 0. 709 641 0. 771 0. 697
12 RUPICOLA 0. 795 0. 767 0. 643 0. 597 0. 717 0. 681
13 PHDENICIRCUS 0. 758 0. 794 0. 640 0. 592 0. 711 0. 675
14 MACHAERDPTERUS 0. 859 0. 827 0. 764 0. 778 0. 810 0. 771
15 PIPRA 0. 857 0. 824 0. 761 0. 779 0. 809 0. 772
16 MANACUS 0. 862 0. 829 0. 766 0. 784 0. 814 0. 777
17 CHIROXIPHIA 0. 824 0. 789 0. 723 0. 742 0. 805 0. 734
ia CHLDROPIPO 0. 830 0. 796 0. 730 0. 749 0. 811 0. 741
19 MASIUS 0. 833 0. 798 0. 733 0. 752 0. 814 0. 744
£0 CDRAPIPO 0. 819 0. 784 0. 718 0. 733 0. 798 0. 725
£1 OXYRUNCUS 0. 828 0. 761 0. 656 0. 680 0. 745 0. 710
£2 SCHIFFDRNIS 0. 799 0. 765 0. 697 0. 708 0. 743 0. 703
£3 PIPRITES 0. 868 0. 850 0. 789 0. 742 0. 805 0.734
£4 TYRANNEUTES 0. 857 0. 823 0. 760 0. 778 0. 785 0. 803
£5 NEOPELMA 0. 857 0. 823 0. 760 0. 778 0. 808 0. 803
£6 TITYRA 0. 818 0. 750 0. 680 0. 700 0. 766 0. 761
£7 PACHYRAMPHUS 0. 830 0. 764 0. 730 0. 749 0. 811 0. 806
£8 SAPAYDA 0. 818 0. 798 0. 798 0. 752 0. 814 0. 777
£9 MYIARCHUS 0. 717 0. 733 0. 661 0. 652 0. 750 0. 710
57
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7 8 9 10 11 12 13 14 15
1 0. 512 0. 625 0. 597 0. 618 0. 569 0. 658 0. 596 0. 753 0. 753c* 0. 541 0. 575 0. 560 0. 618 0. 576 0. 602 0. 640 0. 696 0. 689
3 0. 480 0. 393 0. 363 0. 418 0. 522 0. 433 0. 422 0. 596 0. 588
4 0. 4©9 0. 339 0. 301 0. 373 0. 447 0. 388 0. 376 0. 627 0. 626
5 0. 511 0. 525 0. 510 0. 518 0. 615 0. 533 0. 521 0. 671 0. 671
6 0. 478 0. 438 0.416 0. 480 0.515 0. 496 0. 483 0. 621 0. 621
7 ***** 0. 210 0. 252 0. 305 0. 538 0. 421 0. 410 0. 631 0. 581
S 0. 436 ***** 0. 135 0. 275 0. 480 0. 358 0. 346 0. 595 0. 546
9 0. 478 0. 348 ***** 0. 285 0. 464 0. 368 0. 357 0. 580 0. 580
Id 0. 519 0. 512 0. 502 ***** 0. 523 0. 402 0. 402 0. 620 0. 571
11 0. 717 0. 682 0. 661 0. 709 ***** 0.537 0. 487 0. 686 0. 686
12 0. 626 0. 593 0. 584 0. 624 0. 725 ***** 0. 067 0. 654 0. 604
13 0.622 ©. 586 0.581 0. 624 0.689 0. 230 ***** 0. 642 0. 592
14 0. 784 0. 769 0. 750 0. 777 0. 820 0. 801 0. 796 ***** 0. 069
15 0. 752 0. 736 0. 750 0. 744 0.821 0. 770 0.765 0.229 *****
16 0. 757 0. 742 0. 756 0. 750 0. 826 0. 775 0. 770 0. 318 0. 227
17 0. 753 0. 765 0. 746 0. 757 0. 786 0. 798 0. 793 0.593 0. 593
16 0. 760 0. 772 0. 753 0. 764 0. 792 0. 804 0. 799 0. 626 0. 618
19 0.795 0. 775 0. 756 0. 766 0. 795 0. 807 0. 802 0. 588 0. 593
£0 0. 738 0. 750 0. 737 0. 742 0. 777 0. 784 0. 778 0. 598 0. 595
21 0. 747 0. 736 0.717 0. 761 0. 790 0. 703 0.697 0. 734 0. 728
£2 0.717 0.657 0. 673 0. 720 0. 783 0. 695 0. 689 0. 705 0. 674
23 0. 780 0. 765 0. 746 0. 789 0. 786 0. 766 0. 760 0. 822 0. 820
£4 0.815 0. 800 0. 782 0. 793 0.820 0. 801 0. 796 0. 576 0. 585
25 0. 815 0. 800 0. 782 0. 793 0. 820 0. 801 0. 796 0. 628 0. 628
£6 0. 774 0. 758 0. 739 0. 783 0. 779 0. 759 0. 754 0. 722 0. 719
27 0. 787 0. 803 0. 785 0. 826 0. 823 0. 804 0. 799 0. 801 0. 798
£6 0. 763 0. 775 0. 756 0. 798 0. 795 0. 807 0. 802 0. 889 0. 890
£9 0. 618 0. 632 0. 649 0. 698 0. 729 0. 708 0. 702 0. 772 0. 736
16 17 18 19 20 21 22 23 24
1 0. 758 0. 700 0. 705 0. 708 0. 694 0. 704 0. 660 0. 775 0. 753
£ 0. 693 0. 635 0. 641 0. 643 0. 636 0. 589 0. 610 0. 736 0. 688
3 0. 593 0. 534 0. 541 0. 543 0. 536 0. 439 0. 510 0. 635 0. 588
4 0. 632 0. 572 0. 579 0. 582 0. 567 0. 485 0. 533 0. 573 0. 627
5 0. 675 0. 667 0. 673 0. 675 0. 661 0. 571 0. 572 0. 667 0. 637
6 0. 626 0. 566 0.573 0. 576 0. 561 0. 533 0. 532 0. 567 0. 671
7 0. 586 0. 589 0. 596 0. 648 0. 577 0. 577 0. 542 0. 627 0. 681
8 0. 550 0. 592 0. 598 0. 600 0. 580 0. 546 0. 444 0. 592 0.645
9 0. 585 0. 575 0. 582 0. 585 0. 569 0. 530 0. 479 0. 576 0. 630
10 0. 575 0.585 0. 591 0. 593 0. 573 0. 589 0. 538 0. 635 0. 638
11 0. 690 0. 632 0. 638 0. 640 0. 626 0. 636 0, 635 0. 632 0. 686
12 0. 608 0. 650 0. 656 0. 658 0. 638 0. 504 0. 503 0. 601 0. 653
13 0.596 0. 638 0. 644 0. 646 0. 626 0. 492 0. 491 0. 588 0. 641
14 0. 110 0. 369 0. 400 0. 353 0. 381 0. 549 0. 519 0. 688 0. 345
15 0.059 0. 360 0. 390 0. 359 0. 386 0.539 0. 482 0. 685 0. 354
16 ***** 0. 367 0. 398 0. 350 0. 378 0. 546 0. 473 0. 692 0. 345
17 0. 596 ***** 0. 091 0. 067 0. 072 0. 529 0. 484 0.678 0. 362
18 0. 629 0. 276 ***** 0. 155 0. 146 0. 500 0. 515 0. 657 0. 443
19 0. 592 0. 236 0. 388 ***** 0. 105 0. 544 0. 467 0. 692 0. 345
£0 0. 594 0. 182 0. 344 0. 278 ***** 0. 577 0. 488 0. 678 0. 393
21 0. 736 0. 717 0. 701 0. 734 0. 743 ***** 0. 513 0. 556 0. 589
£2 0.673 0. 674 0. 703 0. 670 0. 670 0. 700 ***** 0. 687 0. 556
£3 0. 828 0. 814 0. 802 0. 828 0. 81 1 0. 737 0. 817 ***** 0. 737
£4 0.584 0. 588 0. 660 0. 584 0. 603 0. 761 0. 731 0. 852 *****
0. 635 0. 623 0. 670 0. 635 0. 646 0. 769 0. 773 0. 852 0. 285
c.'6 0. 725 0. 677 0. 721 0. 689 0. 705 0. 621 0. 757 0. 664 0. 682
£7 0. 803 0. 762 0. 801 0. 772 0. 764 0. 695 0. 833 0. 725 0. 766
£8 0. 894 0. 858 0. 863 0. 866 0. 850 0. 862 0. 823 0. 857 0. 861
£9 0. 742 0. 660 0. 667 0. 707 0. 646 0. 736 0. 706 0. 765 0. 769
59
£5 26 27 28 29
1 0.753 0.693 0.705 0.683 0. 608
a— 0. 688 0. 579 0. 591 0. 643 0. 543
3 0. 588 0. 479 0. 541 0.643 0. 443
4 0. 626 0. 517 0. 579 0. 582 0. 446
5 0. 670 0. 612 0. 673 0. 675 0. 575
6 0. 671 0. 610 0. 673 0. 626 0. 526
7 0. 681 0. 621 0. 634 0. 598 0. 398
6 0. 645 0. 587 0. 648 0. 600 0. 400
9 0. 629 0. 570 0.632 0. 585 0. 435
10 0.638 0. 630 0. 691 0. 643 0. 493
11 0. 686 0. 625 0. 688 0. 640 0. 540
12 0. 653 0. 595 0. 656 0. 658 0. 508
13 0. 641 0. 582 0. 644 0. 646 0. 496
14 0.412 0. 539 0. 650 0. 795 0. 603
15 0. 408 0.531 0.643 0. 796 0. 546
16 0. 412 0. 537 0. 648 0. 800 0. 550
17 0. 405 0. 475 0. 590 0. 742 0. 442
18 0. 460 0. 534 0. 645 0. 748 0. 448
19 0. 412 0. 487 0. 598 0. 750 0. 500
20 0. 443 0. 534 0. 605 0. 736 0. 437
21 0.606 0. 411 0. 492 0. 746 0. 546
22 0. 623 0. 604 0. 715 0. 688 0.517
23 0. 737 0.469 0.537 0. 742 0. 592
24 0. 100 0. 482 0. 593 0. 745 0. 595
25 ***** 0. 499 0. 593 0. 745 0. 595
26 0. 691 ***** 0. 213 0. 737 0. 518
27 0. 766 0. 436 ***** 0. 748 0. 598
28 0. 861 0. 851 0. 863 ***** 0. 650
29 0. 769 0.707 0. 772 0. 806 *****
TABLE S. DERIVED CHARACTERS SUPPORTING CLADES SHOWN
FIGURE 3
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L CK-H(c), PGI(f)
M CK-H(g), LDH-H(rn)
N MDH-E < b), PK<e>
0 LDH-H(k)
P CK-H(j)
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T SOD-1(h), IDH-M(c), GPGD(f)
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Table 3. Matrix of T H values from Sibley
5iZi
ard fthlquist (1985).
1 2 3 4 5 6 7 8  
iMyi§r:Edms ------ 4 . 5 3  5 . 7 0  9 . 5 0  9 . 3 0  8 . 1 4  8 . 1 3  a. as
4.55 ------ 5.63 9.45 10.60 8.40 9 . 4 0  9.25
3 § I § e m a  5.95 5.60 ------  9.93 9.10 8.97 8.73 9.55
4Mi e^ectes 9.40 9.45 9.75   11.10 9.70 9.93 10. 30
SSehiffornis 8.70 10.60 9.10 11.10 ------ 9. 02 7.00 9.67
BEifiCa S. 50 S. 40 9. 95 9. 70 8. 75 ------  8. 80 8.52
7Pa£!2YC§met!us'7. S0 9. 35 8. 85 9. 85 7. 20 8. 55 ------  9. 45
SBieCgC'Ia 8.80 9.25 8.90 xxxx 10.20 8.50 10.00 ------
a) Values below the diagonal represent the mean T H for
50
the indicated hybrid when the reciprocal test 
was conducted.
b) Values above the diagonal represent the mean T H for
50
the indicated hybrid as well as hybrids between 







1. Phenograrns produced from distance analyses of
eiectrophoretic data using Sagayga as the 
outgroup. (a) Fitch-Margoliash Tree, (b) 
Distance Wagner Tree, and (c) strict 
consensus tree of (a) and (b).
2. Jackknife Strict Consensus Trees derived from
the eiectrophoretic data using Sagayga as 
the outgroup to root the trees similarly, 
(a) Fitch-Margoliash Tree and (b) Distance 
Wagner Tree.
. Cladograms derived from eiectrophoretic data.
Letters define clades and correspond to 
those in Table 2. Each solid bay' represents 
a single synapomorph defining the clade. 
Clades D and N av'e defined by a single 
synapomor'ph each using Sagayga as the 
outgroup. Additional clades and and 
synapomoy'phs wey'e obtained by creating 
composite out groups from the taxa not 
contained in clades D or N.
. Cladogram derived from eiectrophoretic data.
Symbols ar'e as defined in Fig. 3. Clades 
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defined here but not in Fig. 3 were derived 
by accepting the hypothesis of monophyly of 
clade T as indicated in Fig. ic from the 
distance analyses. Taxa not included in T 
were used as a composite outgroup for T. 
Taxa included in clade T were then used as 
a composite outgroup for the remaining 
taxa.
Figure 5. Dendrograms derived from T H values reported
50
in Sibley and fihlquist (1305). (a)
Fitch-Margoliash Tree. <b) Fitch-Margoliash 
Jackknife Strict Consensus Tree.
Figure 6. fi summary of the hierarchical arrangement of 
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APPENDIX I
Voucher specimens for the tissues analyzed in this study 
and their collecting locality and date.
Species usywz Persona^ Genera^ YearCat. « Cat 7 Lgcat i.on
EdQeciEicEyi QiacisQili® 110265 SMC 1655 PERU, Loreto 1982110267 SMC 1697 PERU, Loreto 1982
110268 TJD 772 PERU, Loreto 1982
Ampeiign ruf ax H l a 98409 TSS 2514 PERU, Puno 1980
98410 TSS 2515 PERU, Puno 1980
106117 DM 1049 PERU, Pasco 1982
EQ2ii°C!2i®3 scl_aterl. 113590 JPO 6890 PERU, Huanuco 1983
113591 JPO 6891 PERU, Huanuco 1983
CZaratgrmsJ stresemanm DM 1387 PERU, Lima 1982
106116 TSS 3388 PERU Lima 1982
Pi.fireo.la arcuata PERU, Puno 1980
SAS 62 PERU, San Martin 1981
104510 SAS 63 PERU, San Martin 1981
DFS 48 PERU, San Martin 1981
106125 TSS 3250 PERU, Pasco 1982
106126 DM 1265 PERU, Pasco 1982
l^sabe 1̂ l̂ ae 110271 TSS 3435 PERU, Loreto 1982
115613 TJD 1286 PERU, Loreto 1982
L^gaugus vociferans 102271 DM 606 BOLIVIA, La Paz 1981
110274 TJD 406 PERU, Loreto 1982
110275 APC 822 PERU, Loreto 1982
B5Etl^E*!!!Et!y® YSCSiEQlSC 98426 TSS 2400 PERU, Puno 198099386 TSS 2424 PERU, Puno 1980
106173 DM 1016 PERU, Pasco 1982
106174 TSS 3046 PERU, Pasco 1982
DFS 248 PERU, Pasco 1982
T^tyra cayana 110278 APC 1180 PERU, Loreto 1982
Cot^nga cayana 110279 SMC 1416 PERU, Loreto 1982
110280 SMC 1458 PERU, Loreto 1982
Gymnoderus foet î dus 110281 SMC 1459 PERU, Loreto 1982
Querul^a fiurgurata 108385 SML 683 PANAMA, Darien 1982
108386 SML 684 PANAMA, Darien 1982
108387 SML 685 PANAMA, Darien 1982
110282 SMC 1384 PERU, Loreto 1982
110283 GHR 158 PERU, Loreto 1982
110284 TJD 518 PERU, Loreto 1982
Pyrgderus scut at us 106134 TSS 3133 PERU, Pasco 1982
Rugi_cgl_a fier uy i_ana 106135 DM 1307 PERU, Pasco 1982
106136 DM 1355 PERU, Pasco 1982
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1 (?4702 JPO 6561 PONOMO, Dar i en 1982
104703 JPO 6567 PONOMO, Dar i en 1982
SML 537 PONOMO, Dar i en 1982
115858 TJD 1276 PERU, Loreto 1983
115063 TJD 1360 PERU, Loreto 1983
115669 TCM 920 PERU, Loreto 1983
100443 SML 804 PONOMO, Darien 1982
100444 SML 812 PONOMO, Dar i en 1982
106916 SML 805 PONOMO, Dar i en 1982
110625 SUC 1854 PERU, Loreto 1982
115050 SWC 2692 PERU, Loreto 1982
115051 TJD 1940 PERU, Loreto 1982
117149 TJD 2976 PERU, San Martin 1982
106157 TSS 2998 PERU, Pasco 1982
DU 1043 PERU, Pasco 1982
106160 DU 1091 PERU, Pasco 1982
DFS 403 PERU, Pasco 1982
106166 DU 1236 PERU, Pasco 1982
110629 sue 1723 PERU, Loreto 1982
116466 sue 2441 PERU, Loreto 1982
102423 DU 565 BOLIVIA, La Paz 1981
102425 TSS 2629 BOLIVIA, La Paz 1981
sue 1410 PERU, Loreto 1982
110616 OPC 776 PERU, Loreto 1982
115835 OPC 1554 PERU, Loreto 1983
115842 sue 2633 PERU, Loreto 1983
115843 TCM 953 PERU, Loreto 1983
TJD 2904 PERU, San Martin 1983
110568 GHR 65 PERU, Loreto 1982
110571 GHR 99 PERU, Loreto 1982
115822 TJD 1737 PERU, Loreto 1983
115823 TJD 1783 PERU, Loreto 1983
115024 TJD 1784 PERU, Loreto 1983
108429 SML 526 PONOMO, Dari en 1982
108424 SOS 602 PONOMO, Darien 1982
108430 SML 527 PONOMO, Dari en 1982
108428 DB 35 PONOMO, Darien 1982
108431 MBR 795 PONOMO, Darien 1982
117121 TJD 2987 PERU, San Martin 1983
115805 TJD 1256 PERU, Loreto 1983
115806 sue 2275 PERU, Loreto 1983
115816 OPC 1731 PERU, Loreto 1983
115818 OPC 1874 PERU, Loreto 1983
115819 TJD 1750 PERU, Loreto 1983
110388 TJD 285 PERU, Loreto 1982
110393 TJD 386 PERU, Loreto 1982
115662 sue 2430 PERU, Loreto 1983
115667 did 333 PERU, Loreto 1983
115669 OPC 1863 PERU, Loreto 1983
SML 354 BOLIVIA, La Paz 1981
OPC 550 BOLIVIA, La Paz 1981
OPC 554 BOLIVIA, La Paz 1981
DU 836 BOLIVIO, La Paz 1981
SML 524 PONOMO , Darien 1982
MBR 806 PONOMO , Darien 1982
MBR 827 PONOMO , Darien 1982
108961 MBR 878 PONOMO , Darien 1982
108962 SML 645 PONOMO , Darien 1982
TJD 2839 PERU, San Mart i n 1983
1- Recently included in the genus Ompel^on.
APPENDIX II. Allelic frequency data for twenty loci in 29 
tyrannoid genera.
a
Lo c u b  1 2 3 A 5 6 7
ACP a a d
AK a a a
CK-1 1 d f
CK-2 b b b
FUM c c c
ICD-I a b f
ICD-2 e e 1
LAP c c c
LDH-1 a c b
LDH-2 1 j g
MDH-1 a a a
MDH-2 c c c
MPI h h q (. 500)
r (. 5®®)
PQI d(.250> d (.500) d 
K.750) g (. 500)
PQM c c c
d d d a
a a a a
b
b <. 100) f f (.833) f 
f (. 900) i (. 187)
b b b b
c c c c
f c f f
i (. 800) e n d(.167)
m <.200) j (.833>
c c f c
b d f j
g j c (.167) k
n(.833)
a a a a
c c c c
n<.700) i ral.bb/) ni.500)
q <.300) n (.333) o(.500)
d g b (.333) j
h <. 667)
c d c a <. 167)
c(.833)
SOD-1 f f a f <. A00) 1 i k
j (.600)
SOD-2 a b b b b b b
UAE a (.750) a a e a (.500) e e
e (.250) e(.500)
PK g a a a g d o
6-PGD g p p p h a (.750) j
h (. 083) 
c (. 167)
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Locus B 9 1© 11 12 13 1*
OCP d d d d d d d
OK a a a b a (.833) a a
c<. 167)
CK-1 f f f • f f e
CK-2 b b b b b b b
FUM c c c c c c c
I CD-I f f f f f f f
ICD-2 J b (-125) o p q q c
LOP c c c c c c <e
LDH-1 j j d a c a k
LDH-2 k k b(.5©0) m g g k
MDH-1 a a a  a a a a
MDH-2 c c a  c c c b
MPI p n <. 375) q b<.167) q q<.833) f c(
q <.625) d (.833) *<.167) f<
J<
PGI d d d d <.333) 1 1 f(.10©>
m <.667) k (.900)
PGM c c c c a a e
SOD-1 k k k f b b h
SOD-2 b b b b b b b
UOE e e e e e e a (.900)
d <• 100)
P K h h g f b b e


























Locus 16 17 16 19 £0 £1 ££ £3
OCP d d d d d d d d
O K a a a a a a a a
CK-1 c g g(.900) g g f f h
CK-2 b b b b b b b a
FUM c c c c c c a (.063) c
c (. 917)
I CD-I f f f f f f g f
I CD-2 c c c c c(.300) c c k
r (. 700)
LOP a d d d d d d  g
LDH-1 k n ri n m(.100) h i(.083) o
n (. 900) k <. 917)
LDH-2 k i i i i f h a (.123)
*(.875)
MDH-1 a a a a a a a a
MDH-2 b b b b b c c c
MPI f c (. 200) c f f c (. 917) f c (.750)
f (. 600) k (. 083) U.250)
k (.100) 
c. (. 100)
PGI k j j i j c e c
PGM e c c c c a c  f
SOD-1 h h h h h e c(.083) d
g (. 917)
SOD-2 b b b b b b b b
UOE a a a a a (.900) a a (.667) e
b (.100) c (.333)
P K e e e e e a h  i
6-PGD j f k f f <.800) d (.917) j q
j (.£00) f (.083)
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Locua 24 23 £6 27 28 29
ACP d d d b c d
AK a a a a a a
CK-1 c c j j a h
CK-2 b b a a b b
FUM d d c c b c
I CD-1 f f f f h f
I CD-2 c a (.23®) c g h i
c (.750)
LAP c c c c c c
LDH-1 1 1 h h g j
LDH-2 h h e  d(.900) o i
e(. 100)
MDH-1 a a a a a a
MDH-2 b b c c c c
MPI f a e(.500) g t e
k (. 500)
PGI f f a (.500) c n j
c (.500)
PGM b (.250) b f f c c
d (.750)
SOD-1 h h h h m n
SOD-2 b b b b b b
UAE a a a a e a
PK e e a a b c
6-PGD f f f f 1 j
APPENDIX III 
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0bstract.—  Phylogenetic trees, derived from distance 
measures, may be of variable reliability due to variance 
in the quality of the data sets from which they are 
produced. Such trees are therefore of questionable value 
as a means of summarising large data sets. To improve 
our confidence in these trees, a jackknife technique for 
data manipulation is presented that, in combination with 
existing consensus techniques, identifies those portions 
of evolutionary history that are poorly known due to 
inconsistencies in the data. Such trees more accurately 
represent the results of a study than do current 
tree-generating algorithms that obscure areas of 
uncertainty. The approach is a simple modification of 
existing tree-generating methods. Ps an illustration, a 
biochemical data set is analyzed using this technique. 
ETree reliability? jackknifing? consensus trees? branch 
length? Wagner trees.3
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Phylogenetic trees, branching sequences purporting to 
represent the evolutionary history of an assemblage, have 
received wide acceptance as a means of summarizing 
results of systematic studies. Such trees may be 
produced from a variety of types of distance data through 
the use of various tree-generating algorithms. There is 
considerable doubt, however, concerning how accurately 
these trees represent evolutionary history (Robinson and 
Foulds, 1981; Felsenstein, 1982; Goodman et al., 1962?
McNeil, 1982 5 Penny, 1982). Consequently, until there is 
some means of determining which trees (or subsections 
thereof) are accurate and which are not, the usefulness 
of phylogenetic trees as summaries of distance data is 
reduced.
The accuracy of phylogenetic trees may be considered to
consist of two logical components. The first concerns
how accurately the tree represents the data set upon
which it is based. Goodness-of-fit measures of this kind
(Farris’s F, 1982? Prager and Wilson’s F, 1978? Fitch and
M a r g o H a s h ’s Percent Standard Deviation, 1967; and Sokal
and Rohlf’s cophenetic correlation coefficient, 1962) rnay
be used to to select one tree when a tree-generating
algorithm produces multiple trees. The second component
of a tree’s accuracy concerns how well it summarizes
evolutionary events. We will never know if a
81
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phylogenetic tree is accurate in this sense, but several 
means of estimating this accuracy have been suggested.
Pit present, the only generally utilised method for 
estimating this aspect of tree accuracy is to compare 
trees generated by different tree-generating algorithms. 
The various trees may each be presented along with a 
discussion of their differences (i.e., Zink, 1982), or 
they may be used to form consensus trees (Adams, 1972$ 
Sokal and Rohlf, 1981 5 Patton and Avise, 1983). 
Comparison of different types of trees (e.g., UPBMA,
Distance Wagner, Fitch- Margoliash) may indicate those
portions of the phylogeny that are unaffected by
differences in the assumptions made by the various 
methods. That is, if the different methods yield similar 
branching patterns for some or all taxa. Of course 
agreement between trees does not insure accuracy, but it 
is consistent with it.
An alternative method (Nei et al., 1983) calculates a 
quantitative measure of tree accuracy based, in part, on 
the length of the shortest branch. This approach 
provides an estimate of accuracy for the entire tree but 
does not provide a means of determining accurate versus 
inaccurate parts of trees. A tree judged to be
"inaccurate" by this method may be discarded even though 
it contains some patterns strongly supported by the 
data.
In an effort to increase the usefulness of trees, I 
here present a method for distinguishing stable from 
unstable portions of phylogenetic trees. This technique 
entails manipulation of the data set to determine areas 
of internal consistency and may be used in conjunction 
with existing tree-generating algorithms. The consensus 
tree generated by this technique contains dichotornous 
branching points only if consistently supported by the 
data. To demonstrate the utility of this approach, I 
analyze a biochemical data set taken from Zink (1982).
THE JACKKNIFE APPROACH
To produce a phylogenetic tree, one must select a 
tree-generating algorithm, generate a tree trees, and, in 
the latter case, select the "best" tree based on sorne 
measure of how well the tree represents the data set. 
The only modification necessary to use the technique 
introduced here is to make N computer runs of the 
tree-generating program (where N is the number of ingroup 
taxa) instead of a single run, thereby generating N 
"best" trees. In each iteration a different ingroup 
taxon is omitted producing N modifications of the 
original data set (pseudoreplicates of Seber, 1984). 
Generating trees from pseudoreplicates simulates
extinction and the possible outcomes had the investigator 
been unable to analyze one of the taxa.
For robust data sets (i.e., those that contain no 
internal inconsistencies due to convergence, reversal, 
parallelism, homoplasy, or differing rates of evolution), 
the phylogenetic information contained in the data from a 
single taxon is largely redundant relative to the 
remainder of the data set. This is because for a
particular operational taxonomic unit (OTU) the only 
phylogenetically unique aspect of the data is the portion 
that concerns evolution of that OTU after separation from 
its sister group. Oil other aspects of the data reflect 
the evolution of ancestral forms (forms that were
ancestral to some of the remaining taxa in the data set 
as well), and therefore this information should be 
represented multiple times in the data set. 
Consequently, the removal of a single taxon from a data 
set and subsequent analysis of that data set should, 
theoretically, result in the same estimate of phylogeny 
for the N-l remaining taxa, as generated from the 
complete data set. The node and terminal branch leading 
to the eliminated taxon will of course be absent. This 
redundancy of information, however, applies only to ideal 
data. Data sets that contain internal inconsistencies
will, by definition, have conflicting data; not all N 
trees generated from such data sets will, therefore, be
compat i bl e.
In addition to this biological justification for 
producing and analyzing pseudoreplicates, there is a
statistical analogy. The form of data manipulation 
discussed above resembles jackknifing techniques of 
multivariate statistics (Brillinger, 1975; Seber, 1984). 
Jackknifing is a means of investigating variance within a 
data set. Hence I shall refer to the proposed form of 
data manipulation as the Jackknife approach.
Once trees have been produced from the 
pseudoreplicates, they may be combined to produce a
strict consensus tree (Sokal and Rohlf, 1981) to
summarize the points upon which all trees agree. The
strict consensus tree will retain only those subsets 
(informative components of Nelson, 1979) that are
supported by all N component trees used to derive the
consensus tree. When trees are in conflict about the
proper allocation of taxa to subsets, polychotomies 
result. These polychotomous branching points should not, 
however, be taken to suggest that speciation events 
produce more than two descendant species, but rather that 
these parts of the tree are unresolved. For data sets
with many internal inconsistencies, the strict consensus 
tree will have many polychotomous branching points.
To produce strict consensus trees from those generated
by the jackknife approach, the existing strict consensus 
technique (Sokal and Rohlf, 1981) must be modified 
slightly because the algorithm discards taxa not shared 
by all trees being compared. Use of this existing method 
in the analysis of these N trees would result in a 
consensus tree that contains only the outgroup 
Consequently, jackknife strict consensus trees (JSC 
trees) must be defined somewhat differently than previous 
types.
To this end let each rooted pseudoreplicate tree be
defined as containing a set (A ) of n-i nodes
i
(Hypothetical Taxonomic Units, HTU’s) where n is the
number of terminal taxa in tree "i". Such trees will also
possess £n-l branches, any one of which is a potential
site of attachment for the omitted taxon. Consequently,
the definition of a pseudoreplicate tree may also include
a set (B ) of £n-l hypothetical nodes at which the 
i
deleted taxon may be added in a manner consistent with 
the relationships depicted by the tree (see Fig. 1). We 
may therefore define each tree ass
T = A U B 
i i i
By defining pseudoreplicate trees in this fashion the
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JSC tree (T ) may be defined as: 
c
T =T O  T n  T .....  T
c 1 £ 3 N
That is, the JSC tree is a branching sequence based on 
the set of nodes consistent with or shared by all 
pseudoreplicate trees. This definition results in a
unique JSC tree for each set of trees regardless of the
order in which trees are considered because intersection 
is commutative.
Strict consensus techniques are used rather than Adams 
consensus trees (Adams, 197£) due to the difficulty in
interpreting the latter. Adams consensus trees 
frequently contain subsets found in none of the component 
trees (Sokal and Rohlf, 1981). The jackknife approach 
may, however, be combined with any consensus technique. 
To employ an alternate algorithm, modifications must be 
made to insure that all taxa are retained in the 
consensus tree rather than discarding taxa not shared by 
all trees.
The algorithm presented in appendix I results in the 
set of internal nodes that comprise the JSC tree (an 
MS-DOS Basica program is available from the author). To 
construct the tree I suggest using dotted lines to 
represent branches contributing to polychotomous nodes to
emphasize the uncertainty of these portions of the tree. 
Thus, solid lines are used to connect dichotomous 
internal nodes or a dichotomous internal node with a
terminal taxon. If desired, the mean and standard error
for the length of these reliable branches may be obtained 
from the N trees used to create the consensus tree.
ON EXAMPLE
To illustrate the methods proposed in this paper, I 
reanalyze the avian allelic frequency data of Zink 
(1982). Following Zink, PifiilS! Eblorurus was designated 
as the outgroup and was included in all analyses to root 
the Wagner Networks. The original data set contained ten 
ingroup taxa; I generated ten pseudoreplicates, each with 
a different ingroup taxon removed. Each data set was 
analyzed using the BIOSYS— 1 program of Swofford and
Selander (1981). Farris’s F was used to select a single 
Wagner tree from each analysis to be used in further 
analyses. It is important to note that any combination 
of tree-generating algorithm, distance measure, and
goodness-of-fit measure may be employed along with the 
jackknife manipulation of data.
Three of the ten data sets resulted in the topology 
shown in Fig. la, three data sets produced trees
representing the topology in Fig. lb, three were 
consistent with both Fig. la and lb, and the remaining 
tree demonstrated the topology shown in Fig. lc. The 
jackknife strict consensus tree (Fig. £) demonstrates the 
subsets supported by all ten generated trees.
To illustrate that the production of trees of differing 
topology is not something restricted to the Distance 
Wagner Procedure, . Zink’s (138£> data set was also 
analysed by UPGMfi. Os with the former method, analysis of 
the data using UPGMA did not result in a single 
topology. The consensus tree (Fig. 3) is very similar to 
the one derived using the distance Wagner Procedure, 
although there is additional information retained in the 
UPGMfi consensus tree. The production of differing 
topologies is not restricted to this particular data 
set. Four additional sets of data have been analyzed and 
in all cases the JSC tree contained polychotornies.
DISCUSSION
It is not the purpose of this paper to advocate the use 
of a particular tree-generating algorithm, distance 
measure, goodness-of-fit measure, or consensus 
algorithm. These choices must necessarily vary from 
study to study and as new techniques are developed.
Rather, the primary purpose of this paper is to promote 
the use of a jackknife manipulation of distance data as a 
way of detecting inconsistencies and thereby to arrive at 
more accurate summaries of distance data.
As with existing consensus techniques (Adams, 197£),
the jackknife approach is an attempt at identifying
stable portions of trees which might yield better 
classifications and conclusions concerning evolutionary 
history. Unlike other consensus methods, however, the 
jackknife method requires only one data set. By
extracting a maximum of information from a single data 
set, it is possible to avoid the many assumptions
inherent in comparing trees derived from disparate types 
of character sets. Consequently, the interpretat ion of 
jackknife consensus trees is less difficult.
Of course the two approaches are not necessarily
independent. When trees derived from different character 
sets are compared using consensus methods, the
differences revealed result from two factors. The first 
is the relationship between the two character sets. When 
character sets are under very different selective 
regimes, differences are bound to occur between trees 
derived from these data. Second, the conflicts found 
within each data set contribute to the differences
observed between trees. Conflicts within data sets will
result in trees that contain information only marginally 
supported by the data. Using the jackknife approach 
makes it possible to separate these two factors. Initial 
analysis of data through jackknife manipulation and 
consensus tree production factors out differences, if 
any, that are due to internal inconsistencies of data. 
Subsequent derivation of a consensus tree from the 
jackknife consensus trees will therefore reveal 
differences between the data sets due solely to the 
nature of the relationship between the character sets, 
because only reliable information from each data set is 
being compared.
The manipulation of data by varying the taxa included 
in an analysis(as proposed in this paper) is one of many 
possible approaches for determining stable portions of 
phylogenys. For example, varying the characters used 
would demonstrate the degree to which a phylogeny is 
dependent upon the characters analysed. Varying the 
individuals included in an analysis would illustrate the 
importance of character-state frequencies. The logical 
justification and proper interpretation of consensus 
trees would vary depending on the type of manipulation 
employed? however, the underlying purpose would remain 
the determination of the stable subsets of trees.
Consensus trees produced from pseudoreplicates of an
original data set reflect the degree to which the data 
set is internally consistent. This ability to reflect 
data set consistency within the tree structure makes 
jackknife consensus trees a useful means of summarising 
phylogenetic distance data. The publication of consensus 
trees with areas of uncertainty clearly indicated will 
enable future workers interested in the same group of 
organisms to focus their efforts more effectively. 
Furthermore, i nvest i gators attempting to infer
evolutionary rates, processes, and patterns from 
phylogenetic trees will be able to concentrate on the 
more stable and therefore more reliable portions of 
trees.
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0 pseudoreplicate tree containing four of the 
five taxa in a study <B has been removed). 
The tree contains three HTU7 s and seven 
hypothetical nodes. The latter represent 
all possible sites of attachment for the B 
1ineage.
: Wagner trees generated from pseudoreplicates of 
the original data set illustrating the 
range of phylogenies supported by the data 
(R). Pi.c. - Pifii lo chl_orurus, Z. c.- 
Zonotrjichia c a g e m i s ,  Z.I.- Z*_ leucoghrys, 
Z. at. - Z._ atri_capi 11 a, Z. q. - Z._ guerula,
Z. a 1. - Z-_ §ibi_coHi_s, M. m. — Mel_ospi. ca
melodi.a, M. 1.- M._ IiD£Dlni.i., M. g. - M-_ 
georglana, J. h. - Junco hyemali.5, and Pa. i. - 
iliaca.
3 Jackknife strict consensus trees produced from 
the (a) Wagner and (b) UPGMO trees derived 
from ten pseudoreplicates. Values above 
branches are branch lengths and those below 
are the corresponding standard errors. 
Dotted lines represent portions of the 
phylogeny about which there is conflicting
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information in the data set. Codes 
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APPENDIX I- The jackknife strict consensus tree algorithm.
Read the list of taxa included in the study.
Assign each terminal taxon a single unique character.
DO UNTIL all pseudoreplicate trees have been processed.
Determine which taxon is lacking.
Label all internal nodes by concatenating the 
characters of ail terminal taxa that are 
descendants of that node.
Create a list of such nodes for each pseudoreplicate 
tree.
DO UNTIL all internal nodes on the list have been 
processed.
Concatenate the character of the omitted taxon 
with the node’s label to create a new 
Hypothetical node (HN> and add this to the 
1 ist.
DO UNTIL all terminal taxa in the tree have been 
processed.
Concatenate the character of the omitted 
taxonwith the terminal taxon’s character to 
create a new HN and add this to the list.
DO UNTIL all nodes on the list for the first tree have 
been processed.
Retain node on list if it is found in all trees.
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Use solid lines to connect two dichotomous nodes or a 
dichotomous node and terminal taxon.
Use dotted lines for all other branches to demonstrate 
uncertainty.
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